Purpose: Evaluation of the available research on PEEK materials to find that whether PEEK material has favorable properties and can enhance osseointegration, so that they can be utilize as implants material. Results: Initially, the search resulted in 153 papers. Independent screenings of the abstracts were done by the reviewers to identify the articles related to the question in focus. Sixty-two studies were selected out of which 10 were further excluded due to not in English language.
| INTRODUCTION
Titanium (Ti) and its alloys possess higher resistance to corrosion, good biocompatibility and having repassivation along with excellent mechanical properties to be used for dental implants.
1,2 Events related to micromotion of dental implants, cyclic loading, acidic oral environments result in breakdown of the oxide film on the surface of implant permanently and lead to exposure of metal surface to electrolytes. 3 Due to this, there is release of Ti ions and metallic ions, which triggers an immune reaction (type IV reaction), in the oral environment that is mainly directed toward the implant. 4, 5 The modulus of elasticity of Ti (110GPa) was significantly higher when compared to bone (14 GPa). This major difference many a times results in failure of implant due to insufficient stress shielding, bone resorption, and fracture of implants. 6, 7 Metallic dental implants when comes in the field of irradiation evokes scattering rays which are harmful for tissues. 8, 9 Polyetheretherketone (PEEK) is an organic synthetic polymeric material developed in 1978. It is a preceding member of the polymer family of poly-aryl-ether-ketone, having elevated temperature steadiness above 300 C. It has good chemical resistance, high mechanical properties, and biocompatible. It is very much compatible with modern imaging technologies. It is tooth colored material and recently used as dental implant material wherever esthetics is a major concern. 10 PEEK is used as implant superstructure, abutment, and as implant fixture. Young's modulus of PEEK material in pure form is 3.6GPa, carbon-reinforced PEEK (CFR-PEEK) is around 18 GPa, and glass fiber-reinforced PEEK (GFR-PEEK) is 12 GPa. As PEEK has
Young's modulus near to the cortical bone, hence it exhibits stress shielding less than the Ti material. 7, 11 Interactions of cells with surrounding tissues require a moderate hydrophilic surface, because hydrophobic surfaces reduce the cellular adhesion. Similar problem exists with most of the polymers, which has low surface energy, which makes them bioinert material. 12, 13 PEEK is also bioinert in nature and it does not have any ingrained osseoconductive properties. Studies had shown that when compared to Ti, PEEK stimulates less osteoblast differentiation. In an attempt to increase the osseoconductive properties of PEEK, it is coated and blended with bioactive particles. [14] [15] [16] [17] Various modifications had been done to enhance the surface characteristics of PEEK materials and to make it more biocompatible. In an attempt to achieve early osseointegration of implant, nanoparticles in form of Titanium dioxide (TiO 2 ), HAp, and HAF were combined with PEEK to produce bioactive nanocomposites, and chemical modifications were also done to get the surface roughness of the PEEK material. 18 This systematic review was undertaken to evaluate the experimental, animal, and clinical studies done on PEEK materials to find that whether PEEK material has favorable properties and can enhance osseointegration, so that they can be used for dental implants.
| MATERIALS AND METHODS
The review protocol was registered with the international prospective register of systematic reviews with the registration number CRD42018096994.
| Search strategies
A detailed literature search was undertaken and accomplished on August 30, 2018 . The present review was done according to preferred reporting items for systematic reviews and meta-analyses (PRISMA)
guidelines. An electronic and structured systematic search was undertaken in May 2018, without any restrictions of time in the Medline/ Pubmed, Sci-hub, Ebscohost, Cochrane, and Web of Science databases.
To identify other related references further hand search was done. 
| Inclusion and exclusion criteria
Inclusion criteria comprised of articles related to PEEK materials and their applications in dental implants. Because of limited number of availability of articles, no restrictions were put on in study designs and all clinical, experimental, and animal studies and were included in the review. Articles published in English were only included. Articles not related to PEEK and their applications in implants were excluded. Articles not available in abstract form and article in languages other than English were excluded.
| Study selection
Two reviewers had independently read the abstracts and titles of articles found after computerized searches, and any lack of consensus related to include or exclude the articles was determined by a dialogue among the reviewers.
| Data extraction
Data were retrieved from the articles, which includes author, year, study design, study purpose, number of subjects, type and number of implants/crowns/abutments, years of follow-up, study summary, results, and inference.
| RESULTS
Flowchart summarizing the process of selection of articles was presented in Figure 1 . Initial search of literature resulted 153 articles related to questions raised. Each reviewer independently screened the abstracts and selected 62 articles. Ten articles were further excluded for not being in English, resulting in 52 articles in focus.
Handsearching of the main implant journals and cross-referencing within the selected articles to identify the related literatures resulted in two additional papers. Finally, 54 articles were included in present systematic review. Detailed data of the incorporated studies are listed as: 36 invitro studies in Table 1  7,19-53 and   18 invivo studies in Table 2 54-71 on PEEK material to find its efficacy as dental implant material.
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Flowchart presenting the screening of articles related invitro and invivo studies on PEEK material to find its efficacy as dental implant material Zheng Y et al. 29 had introduced -COOH, -PO4H2, and -OH groups over the hydroxylated-pretreated surface of PEEK. Bone-like apatite was formed, which was firmly and uniformly cohere to substrate on PEEK surface and increases the attachment, proliferation, and spread of preosteoblast cell (MC3T3-E1). Waser-Althaus et al. 24 had treated PEEK with oxygen and ammonia plasma treatments for surface modifications. Changes in contact angle, nanostructure, protein adhesion, and electrochemical properties were seen with osteogenic differentiation of adMSC. In another study also positive influence on the adherence and differentiation of human osteogenic cell line (HHOB-c) on the PEEK surface was found. 50 Viability and adhesion were decreased on PEEK platelets in human fetal osteoblasts cultures in a study by Bubik et al. 42 A strong reason for this was decreased osteoblast attachment on thoroughly polished PEEK in unusual composition and cannot be suitable for applications for osseointegrated implant. Attempts were made to modify PEEK with tantalum ions by plasma treatment to form Ta2O5 nanoparticles. Tantalum ion implanted PEEK had nanoindentation surface and elastic modulus near to human bones, it enhances adhesion, multiplication, and osteogenic distinction of rBMSCs.
62
For the purpose of bone grafting and bone tissue engineering applications, PEEK material was modified with carbon fiber-reinforced polyetheretherketone-nanohydroxyapatite ternary biocomposite (PEEK/ CF/n-HA). These materials had nano or micro topographical surface which enhances osteogenesis and encourage the growth and demarcation of MG-63 cells. 31, 66 Hydrophilicity and quantity of Ca ions present on surface are enhanced as surface roughness increases. This promotes cell attachment and proliferation and enhances the formation of alkaline phosphatase (ALP) activity and Ca nodule genesis. 63 Wang et al 27, 60 developed polyetheretherketone/nano-fluorohydroxyapatite (PEEK/ nano-FHA) biocomposite, found enhanced biocompatibility and invitro antibacterial activity, encouraged invivo osseointegration and had effect on the biofilms structure and decreased the possibility of periimplantitis. (Continues) (Continues) (Continues) 
| PEEK as implant abutment/ biofilm
We cannot overlook the material used for fabrication of abutment of implant in order to maintain the standard of attachment occurring in between implant and mucosa. The surface of abutment is usually very vulnerable to subgingival formation of biofilm, so it is important that materials utilized for implant abutment fabrication should attribute less biofilm accumulation on their surface. Considering the esthetics, zirconia abutments are already used frequently but abutments fabricated from PEEK were introduced recently in dentistry. Biofilm formed on the PEEK surface is lower or equal to the Ti or zirconia abutment materials, and PEEK healing abutments do not contribute an increased probability for marginal bone loss and recession of soft tissue through initial healing period. 28, 56 During tooth brushing and mastication, abrasive wear is foreseeable at uncovered tooth or restorative surfaces in the oral cavity.
Wear usually occurs at contacting surfaces between implants and prosthesis. PEEK was found to have less wear resistance than Ti.
36
PEEK abutments are recommended for fixed provisional restorations when the prosthesis has to remain in oral cavity for 1 to 3 months.
Reinforced PEEK is emerging as an effective alternative to Ti abutments for preservation of soft tissue stability, bone height, and biocompatibility. 69 
| PEEK as abutment screw/crown
Fracture strength is an important factor, which can influence longterm clinical success of implant-retained prostheses in high stress situations with excess crown height space (CHS). Implant supported three-unit FPDs fabricated from PEEK materials are very well capable to withstand bite force in both function and parafunction in the molar region with excessive CHS. 37 After implant placement, PEEK (BioHPP) framework is used as an alternative to composite resin for the fabrication of resin-bonded fixed dental prosthesis. This type of prosthesis reduces the debonding rates by dampening the occlusal forces and having advantage over ceramics and metal ceramics. 38 Screws fabricated from Ti had more fracture resistance than PEEK abutment screws. The neck of PEEK abutment screw fractures in 100% cases, which suggests it as the weakest point in the unit.
PEEK reinforced with more than 50% continuous carbon fibers is the material of choice for screw to increase its fracture resistance. 
